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GENERAL! PRERAM DESCRIPTION - SG-4 INSTRUMENT 

I n  the  f i e l d  seven channels of data a r e  recorded i n  analog form 

simultaneously on AMPM SP3OO tape recorder. 

l o t t e d  t o  various data  are typica l ly  (bu t  not  always) a s  follows: 

Separate channels a l -  

Track 1, 
2. 

3. 
4. 
5. 
6. 

7 .  

Spectrometer radaance output ( narrow-band) 

Spectrometer radiance output (wide-band) 

Spectrometer wavelength output 

Radiometer (Huggins MKIX) t o t a l  f l ux  output 

Spectrometer f i l t e r  channel used 

12.5 KC c r y s t a l  o s c i l l a t o r  s igna l  ( f o r  f l u t t e r  

compensation) 

Voice channel 

Upon re turn  f r o m  the f i e l d  t h e  analog tape  i s  copied f o r  pre- 

se rva t ion .  The analog tape i s  played back a t  4x recording speed 

(4 x 12.5 = 50 Kc=Channel 6 )  and then encoded with range coded time, 

de f lu t t e r ed  e l ec t ron ica l ly  (forcing channel 6 t o  be a standard 50Kc 

signa1)and a DUB analog copy tape  prepared. 

an  osci l lograph t o  make a paper s c r o l l  record. F ina l ly  the  DUB is  sen t  

t o  the  A-D connector t o  be d ig i t i zed  i n  a TRIFID format. 

The DUB i s  then run on 

The TRIFID data tapes  are wr i t t en  i n  a c lose ly  packed binary form. 

A s  ind ica ted  previously,  3 words of wavelength and radiance are packed 

i n t o  one computer word. The TRIFID tapes a r e  a l s o  blocked, that i s  255 

computer words a r e  wr i t t en  onto one physical  record of t he  tape. 

in te r - record  gap occurs on the tape between each of these physical  

records. The last  word of each physical  record contains a range- 

coded time (Pac i f i c  Missile Range Time). It is  assumed, t o  r e l a t e  t he  

wavelengths and radiances t o  a unique t i m e ,  t h a t  each set of one wave- 

length observation and one radiance observation occmg a t  a time com- 

puted by a l i n e a r  in te rpola t ion  between the  two range coded times of 

two successive records.  

An 

Thus 254 computer words of packed wavelength 
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and radiance,plus one time,occur per  record. 

762 words of wavelength and radiance o r  381 s e t s  of observations per 

record.  These observations occur continuously and successively down 

the tape.  

a r e  required - the  start of the spectrum and the s top of the spectrum. 

This gives 254 x 3 o r  

I n  order t o  f i n d  a pa r t i cu la r  spectrum, two range coded times 

The spectrum i s  found by searching the tape u n t i l  a range 

coded time i n  the last word of a record exceeds a start time. If so 

the  record i s  saved and the  s t a r t  wavelength and radiance a r e  found by 

interpolat ion between t h i s  range coded t i m e  and the  range coded time of 

t he  previous record. 

Diff icul ty  was encountered i n  determining the  start and s top 

times of spectra.  

from the TRIFID tapes 

analog tapes.  This time information, because of noise,  may not nec- 

ces sa r i ly  agree w i t h  t h a t  on analog s c r o l l s  which were used previously 

t o  manually determine range-coded times, I n  addi t ion the analog s c r o l l s  

were hard t o  read with precis ion s ince the observer had t o  perform 

in t e rp re t ive  measurements which were subject  t o  e r r o r  i n  order t o  de- 

termine the s t a r t - s top  times. 

The computer program uses the  information d i r e c t l y  

which were d ig i t i zed  from the o r ig ina l  f i e l d  

Y 

- 4  - 



PART I1 

STANFORD ADAPTATION AND CORRECTIONS FOR USE ON 
LMSC PROGRAM ON IBM 7090 - 32K MEMORY COMPUTER 

A. Introduct ion 

I n  February 1966, the  spec t ra l  cor re la t ion  program was released 

t o  the  Stanford Remote Sensing Laboratory by Lockheed Missi les  and 

Space Company (LMSC) of Sunnyvale, Cal i fornia  

the  mcdifications on t h a t  program which were necessary t o  implement 

it on the  IBM 7090 a t  Stanford University.  It a l s o  summarizes some 

of the  improvements which were made during the  course of the  mod- 

i f i c a t i o n .  

* 
This repor t  describes 

'** 
The program, as released, i s  described i n  LMSC Report #668744. 

It w a s  o r ig ina l ly  developed and run on the  UNIVAC 1108. 
program w a s  wr i t ten  i n  FORTRAN I V .  The o r i g i n a l  program u t i l i z e d  a 

UNIVAC machine language coded search package, however, an equivalent 

search package w a s  made avai lable  i n  MAP t o  be used on t h e  IBM 7090. 

Some changes were required t o  incorporate the  MAP coded search 

package i n t o  t h e  FORTRAN IY program and t o  implement it on the  Stanford 

sys tern 

The bas ic  

B. I n i t i a l  Improvements and Changes 

Since t h i s  program w a s  developed f o r  a computer w i t h  more memory 

space than i s  ava i lab le  on the 32K IBM 7090 a t  Stanford University,  

c e r t a i n  changes needed t o  be made t o  reduce the  amount of memory 

required.  

* 
This repor t  i s  designated #67-2. 
repor t s  are ava i lab le  from the NASA-MSC Data Bank. 

Additional copies of a l l  SRSL 

** 
Now Stanford Report SRSL 67-1. 

- 5 -  



From p r i o r  usage it w a s  determined t h a t  c e r t a i n  of t he  var iab le  

a r rays  could be cu t  down i n  s i z e  without g r e a t l y  r e s t r i c t i n g  the  

capab i l i t y  of t h e  program. The following a r r ays  s i z e s  were a l t e r e d :  

VARIABLES 

ARAY 
BRAY 
GRAY 
DRAY 
BUFF'Rl 
BUFFW 
E 
EA 
EB 
EINT 
LAM 
LAMA 
LAMB 
T 
TIME 

LOCKHEED SIZE 

100 
100 
100 
100 
3000 
3000 
3000 
300 x i o  
3000 
5 3  x 10 
3000 
300 x io 
3000 
3000 
3000 

STANFORD SIZE 

20 
20 
20 
20 
550 
550 
550 
300 x 4 
550 
5 3  x 4 
550 
300 x 4 
550 
550 
550 * 

Definit ions of these var iab les  a r e  given i n  LMSC Report 668744. 
With t h e  above changes the  maximum number of black body i n t e r v a l s  t h a t  

can be averaged i s  reduced from - t en  down t o  - four .  

s ign i f i can t  r e s t r i c t i o n  introduced by these changes. 

This i s  t h e  only 

The FORTRAN I V  overlay f ea tu re  w a s  a l s o  incorporated t o  save 

The present  method i s  t o  use four  d i f f e r e n t  overlay storage space. 

configurations as follows: 

* 
Now SRSL #67-1 

- 6 -  
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2 InputlGutput ---_- Compatibilitx 

P a r t  of the search package used by t h i s  program cons is t s  of 

MAP coded input/output routines which were developed t o  enable rap id  

searching of data on magnetic tapes .  

performs the  function of assigning l o g i c a l  tape numbers t o  physical  

tape u n i t s .  

same from one computer i n s t a l l a t i o n  t o  another. Hence i n  implementing 

t h i s  program a t  Stanford t h i s  assignment of tapes  had t o  be changed t o  

be consis tent  with the Stanford system. Further  complication arose 

when it was discovered t h a t  t h e  log ic  f o r  assigning numbers t o  u n i t s  

w a s  machine dependent" on the  Lockheed monitor system. I n  addi t ion 

the  u n i t  control  block ( p a r t  of monitor system) of the  Stanfcrd 

system w a s  somewhat d i f f e r e n t  than Lockheed's became of the  disc  f i l e  

on the Stanford machine. Hence new logic  foY* tape assignments had t o  

be programmed and debugged. 

One of these routfnes  (OPENIO) 

The assignment of numbers t o  u n i t s  i s  general ly  not the  

I t  

The i n i t i a l  program included a f a c i l i t y  f o r  p l o t t i n g  black 

body radiance, average emittance and emittance ra t ic  as a function of 

wavelength. Routines were included which generated p l o t  information 

f o r  the  SC 4020. Since t h e  Calcomp p l o t t e r  i s  mope r e a d i l y  ava i lab le  

a t  Stanford the 4020 rout ines  were replaced by equivalent Calcomp p l o t  

rout ines  and a shor t  subroutine, PPLOT, t o  c a l l  them. PPLOT performs 

the  function of scaling data and c a l l i n g  i n  t h e  proper p l o t  rout ines  

t o  p l o t  axes, labels and data points  f o r  average black body radiance, 

average emittance and/or emittance r a t i o  ( f o r  each sample spectra)  

versus wavelength. 

which p l o t s  w i l l  be generated. 

v a r i e s  from 7.0 t o  14 .0  microns however, data over a d i f f e r e n t  range 

can be p lo t ted  with proper spec i f lca t ion  of the input  var iab le  NSPEC. 

The value of t h e  var iable  KPLOT w i l l  determine 

I n  m a s t  cases the  wavelength axes 

c 

- 8 -  



The format of t h e  output data was g r e a t l y  improved with the  

addi t ion  of p r in t ed  information describing each s e t  of output and 

the  grouping together  of r e l a t ed  data. 

The f a c i l i t y  f o r  punching output information on cards i s  now 

a l so  ava i lab le .  

run with information about tape number, run number, date,  e t c .  

Further card output i s  generated i n  groups of nine cards.  

card (data  iden t i f i ca t ion  card) i d e n t i f i e s  t h e  data  i n  t h e  following 

eight  cards.  Average blackbody radiance f o r  each set of blackbodies 

and average emittance and emittance r a t i o s  f o r  each sample spectra  a r e  

punched on sets of e igh t  cards. There a r e  53 values i n  each set with 

7 values on each of seven cards (FORMAT(lX, 7F10.5))and four  on the  

l a s t  card (FORMAT (lX, 4 F10.5)). Column 75 i n  each card contains 

a sequence number one through e ight .  Columns 76-80 contain an 

i d e n t i f i c a t i o n  code. For blackbody radiance the  f i r s t  two code 

d i g i t s  represent  t he  tape number ( i f  properly input ted) ,  the  t h i r d  

character  i s  always a "B" and t h e  l a s t  d i g i t  a sequence number f o r  t he  

s e t  of blackbody data .  

s t a r t i n g  with one. For average emittance and emittance r a t i o s  t h e  

code number i s  the  four  d i g i t  sample spectra  number. 

An i n i t i a l  i d e n t i f i c a t i o n  card i s  punched f o r  each 

The f i rs t  

I n  any run, blackbody data i s  always sequenced 

The extreme values i n  co r re l a t ion  coe f f i c i en t s  a r e  also punched 

on cards, and used elsewhere i n  t h e  "housekeeping" programs of t he  

Remote Sensing Laboratories a t  Stanford 

5. Error  Messages -------------- 
The i n i t i a l  version of t h e  program gave a memory dump when 

c e r t a i n  e r r o r s  were encountered during execution. However, t he re  

was no ind ica t ion  given as t o  t he  cause of t he  e r r o r  or i t s  poin t  of 

occurence. This prompted the addi t ion  of e r r o r  messages t o  be 

p r in t ed  out  when e r r o r s  occur. 

- 9 -  



Error  messages and t h e i r  causes a r e  given i n  Appendix B. 

C .  Program Bugs Detected and Corrected 

1. Adaptation of the  Search Package ................................ 

The i n i t i a l  version of t h i s  program w a s  being used on the  

UNIVAC 1108 with a machine dependent search procedure f o r  f ind ing  

start  and stop times on the  digiOal input  tape.  Since t h e  search 

package w a s  machine dependent it could not be used on t h e  IBM 7090 
a t  Stanford. 

The incorporation of t h i s  new set of rout ines  required t h e  change of 

t he  main program c a l l s  t o  these rout ines  and the  introduct ion of four  

tape ind ica t ives .  

Hence an equivalent 7090 search package had t o  be used. 

A considerable amount of e f f o r t  was spent developing the  

cor rec t  linkage between the  main program and t h e  7090 search package. 

2. Buffer Dimensions Inconsis tencies  ................................. 

One of the  very ea r ly  problems encountered i n  t h i s  program was 

a program h a l t  during execution caused by a por t ion  of t he  program 

being overlayed by data. 

the  a r r ay  BUFFER had been declared t o  be one s i z e  i n  one rout ine and 

a d i f f e r e n t  s ize  i n  another rout ine .  The cons is ten t  dimensioning 

of t he  a r r ay  BUFFER remedied t h i s  problem. 

t h i s  problem was t h a t  t h e  main program and t h e  search package were 

LMSC programs which were developed independently, and t h e i r  compat- 

a b i l i t y  had not been checked out .  

The cause of t h i s  w a s  due t o  the  f a c t  t h a t  

The bas i c  reason f o r  

3. Indicat ive Flippings .................... 

Sometimes f o r  an unknown reason t h e  analog-to-digi ta l  converter 

changes t h e  sync-bit (b inary  minus) loca t ion .  

of word packing and sync-bit i s  a s  follows. 

and radiance a r e  packed i n t o  one computer word. 

A b r i e f  explanation 

Three words of wavelength 

The sync-bit (minus 

. 
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. 
s ign  ind ica tes  which p a r t  of the computer word i s  t h e  wavelength. 

I n  two successive computer words there  a r e  3 wavelengths and 3 
radiances.  It was noted tha t  sometimes t h i s  sync-bit changes loc- 

a t i o n  i n  the  middle of a record/ 

t h a t  i f  t h i s  happens, t he  expected loca t ion  of t he  sync-bit i s  f l i pped  

t o  t h e  other  channel, t he  tape rewound, and the  ca lcu la t ion  r e s t a r t e d  

from where it had stopped. This i s  not  a general  so lu t ion  t o  t h e  

problem, because i f  the  f l ipp ing  occurs i n  the  middle of a record 

which i s  t o  be read, t h e  program a f t e r  f l i pp ing  w i l l  be unable t o  

read the  f i r s t  p a r t  o f  t he  record. 

Logic i s  now i n  the  program so 

I ts  usefulness i s  primarily when the  ind ica t ives  were impro-- 

per ly  spec i f i ed  i n i t i a l l y ,  or  i f  t he  f l i pp ing  occurs between records 

which a r e  t o  be read. 

It was  a l s o  noted t h a t  i n  some cases t h e  wavelength value was 

taken t o  be the  radiance value and vice versa .  This r e su l t ed  i n  an 

in te rpola t ion  e r r o r  when the  ca l ib ra t ions  of these two values were 

attempted. 

of the  range of the  ca l ibra t ion  t ab le  f o r  radiance. 

remedied by rerunning the  data with the  t h i r d  and four th  ind ica t ives  

interchanged. 

data.  

I n  pa r t i cu la r ,  the wavelength value w a s  found t o  be out  

This e r r o r  i s  

This then i d e n t i f i e s  t h e  sync-bit with the  cor rec t  

I1 and 1.2 a r e  integers  between 1 and 53. They r e f e r  t o  the  

library spectra  input  t o  the program. 

end of the  spectra  and increases by 1 for each en t ry  i n  the  l i b r a r y  

spectra  t ab le .  The program has 

qui te  a b i t  of log ic  b u i l t  i n to  it which i s  based on a l i b r a r y  s i z e  

I1 = 1 a t  the  low wavelength 

The rock l i b ra ry  has 53 e n t r i e s .  

of 53, thus a l l  other  l i b ra ry  which one attempts t o  use or construct  

should a l s o  have 53 e n t r i e s .  

Now i n  the  program, a f t e r  t h e  blackbody ca lcu la t ions  a r e  

- 11 - 



completed, I1 i s  the  lowest wavelength en t ry  i n  t h e  blackbody spectrum 

and I 2  t h e  highest. Consider an example. Suppose the  l i b r a r y  

spectrum goes from 7.8 microns t o  13.0 microns i n  i n t e r v a l s  of 0.1 

microns. 

blackbody spectrum s t a r t s  a t  7.9 then I1 = 2 and so on. 

12, I 2  = 53 when the  blackbody spectrum stops a t  13.0. 

If t h e  blackbody spectrum s t a r t s  a t  7.8 then I1 = 1; i f  t h e  

Similar ly  f o r  

Now when an input  spectrum i s  processed t h i s  spectrum may start  

and s top a t  wavelengths which may not  correspond t o  t h e  blackbody 

s t a r t - s top  wavelengths. 

spectrum a l so .  

Thus I1 and I 2  are pecu l l a r  t o  each input  

I n i t i a l l y  the  program d id  not consider t h i s  p o s s i b i l i t y .  It  

used I1 and I 2  from the  previous sample spectra  r a the r  t.han frIotri t h e  

blackbody spectra.  

values I1 and I2  given by t h e  blackbody ca lcu la t ion  a r e  saved. 

i n i t i a l  values given t o  each input  sample spectrum a r e  r e s e t  t9 the  

co r rec t  blackbody numbers before each spectrum i s  processed. 

A change w a s  made i n  t h e  program so t h a t  the  

The 

The Lagrangian in t e rpo la t ion  rout ine was developed with the  

assumption tha t  t he  change i n  t h e  wavelength values would be monotonic. 

Hence the  f i r s t  value i n  the  a r r ay  of wavelengths would be expected t o  

be t h e  smallest and the  l a s t  value t h e  l a r g e s t ,  or vice versa .  

The f i r s t  thing t h a t  must be determined before each in t e rpo la t ion  

i s  whether or not t he  wavelength t o  be in t e rpo la t ed  i s  within the  range 

of t h e  a r r ay  of wavelengths. 

wavelength t o  v e r i f y  t h a t  it i s  l a r g e r  than the  f irst  (assumed t o  be 

minimum) value i n  t h e  a r r ay  and smaller than the  l a s t  (assumed t o  be 

maximum) value i n  the  wavelength a r ray .  

It i s  accomplished by comparing t h e  

Due t o  the  noiee present  on some of t h e  d i g i t a l  t apes  ( p a r t i -  

cu l a r ly  tapes  8 and 9)  t he  wavelength a r rays  were not monotonic. 

Hence, t he  f i r s t  value i n  the  a r r ay  w a s  not necessar i ly  the  minimum 
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1 

and the  l as t  value not  necessar i ly  the  maximum. 

l a r g e r  than the  l a s t  value i n  t h e  a r r ay  but  smaller than the  maximum 
value would be mistaken t o  be o u t  of t he  range of t h e  t a b l e .  

condition automatically terminated the  execution of t he  program with 

an  e r r o r  message (IERROR = 3) .  

I n  t h i s  case a value 

This 

This s i t u a t i o n  w a s  remedied by changing the  in te rpola t ion  

rout ine so t h a t  t h e  value t o  be in te rpola ted  i s  compared with the  max- 

i m u m  and minimum values i n  the a r r ay  r a the r  than t h e  f i rs t  and l a s t .  

D. Variable Sampling Rate Introduced. 

One of t he  major changes made i n  t h e  program NSCP w a s  t he  

incorporat ion of log ic  t o  automatically change the sampling rate of 

t he  data on the  d i g i t i z e d  input tape.  This change was prompted by 

a problem encountered i n  running 1966 tape #11 (Davis, Cal i fornia ,  

a g r i c u l t u r a l  tes t  s i t e  da ta ) ,  which w a s  d i g i t i z e d  with a higher rate 

than any of the  p r i o r  tapes. The program i s  designed t o  search the  

input  tape,  t o  l oca t e  the specif ied s t a r t i n g  time and t o  read i n  data  

s t a r t i n g  a t  t h a t  time and continuing u n t i l  t h e  spec i f ied  s top t i m e  i s  

encountered. 

(BUFFER) w a s  f i l l e d  up t o  i t s  maximum s i z e  (550 memory words) before  

the  s top time w a s  reached. Hence the  number of data poin ts  between 

t h e  start  and s top time w a s  too l a rge  t o  be accommodated i n  the  memory 

space a l loca t ed  for i t s  storage. 

The pyoblem arose when the  a r r ay  f o r  s tor ing  data po in t s  

There were several  ways t o  remedy t h i s  problem. One w a s  t o  

increase the  a r r ay  s i z e  o f  BUFFER, however, t h i s  w a s  impossible due 

t o  Stanford 7090 storage l imi ta t ions  ( 3 2 K  words). Another way w a s  

t o  reduce the  amount of data by reducing the  time i n t e r v a l .  

way was t o  reduce the  sampling r a t e  o f  t he  da ta .  

nat ive w a s  chosen. 

A t h i r d  

This l a t t e r  al ter-  

The var iab le  ISAMP i n  the  subroutine SEARCH gives the  value of 

the  sampling r a t e .  I n i t i a l l y  ISAMP = 1, i . e . ,  every poin t  i s  sampled. 
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If the  number of points  read i n  exceeds the storage a l loca ted ,  then 

ISAMP i s  increased t o  two and the  data  i s  read i n  again taking every 

o ther  data point .  

incremented by one a message i s  p r in t ed  out  t o  inform the user  of the  

cur ren t  sampling r a t e .  

i s  terminated. 

Each time t h e  storage i s  exceeded and ISPIMP i s  

If ISAMF' reaches a maximum of nine the  run 

E. Comparison of Output Data with Previous Results 

I n  order t o  ve r i fy  the  correctness  of t h e  program operating 

under the  Stanford Computer System, the r e s u l t s  were compared with 

those r e s u l t s  obtained a t  t h e  Lockheed Computer I n s t a l l a t i o n .  

One d i s t i n c t  inconsistency was noted. I n  p a r t i c u l a r  f o r  a 

given s e t  of s t a r t  and s top times the  array of wavelengths found 

within t h a t  time i n t e r v a l  was not t he  same a s  t h e  a r r ay  found i n  an 

i d e n t i c a l  Lockheed ca lcu la t ion  made previously.  Furthermore, t he  

wavelengths were not monotonically increasing o r  decreasing with time. 

I n  severa l  cases the  maximum wavelength occurred a shor t  time a f t e r  

t he  s t a r t  time o r  just  before  the  s top t i m e ,  indLcating t h a t  t he  s t a r t  

and s top times were chosen incor rec t ly .  Yet the  times were the  same 

as those used previously.  

erence between the  two runs r e su l t ed  from d i f f e r e n t  LMSC-generated 

input  tapes .  

there  were several  vers ions of each d i g i t a l  input  tape and t h a t  the  

tapes  t h a t  we were using were not necessar i ly  the same vers ions which 

were used a t  Lockheed? In  t h e  development of t he  computer program, 

Lockheed had experienced same of t h e  same t roubles  w i t h  "noisy" 

d i g i t a l  tapes.  They had apparently remedied t h i s  problem by re -  

processing the tapes  i n  one of two ways, 1) re-doing the  complete 

analog-to-digi ta l  conversion with new dubbed times, o r  2) smoothing 

t h e  vol tages  by some method (method unknown) which did not a f f e c t  the 

dubbed times. 

Hence it became apparent t h a t  t he  d i f f -  

An inves t iga t ion  of t h e  input  tapes  ind ica ted  t h a t  

* 
I n  a l l  fa i rness  t o  INSC it should be noted t h a t  t h e  o r i g i n a l  contract  
(NAS2-2529) under which t h i s  work w a s  performed d i d  not c a l l  f o r  Ames 
or  Stanford t o  receive d i g i t a l  tapes .  
as a favor.  

- 14 - 
These were provided b y  LMSC 



The following t a b l e  contains the  per t inent  data regarding the 

d i g i t a l  tapes .  

TAPE USED AT STANFORD 

Tape No. Lockheed Reel No? Date* 

4 14641 10--14--65 
6 146 56 10-14-65 
7 1m 31 1-4-66 

9 14514 1-12 -66 
10 75 1-25-66 

8 no number 13-23-65 

TAPE USED AT LOCKHEED 

Lockheed Reel No. * Date** 

14641 10-14-65 
No record 
10231 1-4-66 
14184 11-23 -6 5 
10235 1.- 28-66 
75 1-25-66 

information obtained from tape r e e l s  a t  Stanford * 
** information obtained from Lockheed records of David Badal 

The above t a b l e  indicates  t h a t  the  tapes used a t  Stanford f o r  

Results of these tapes 4, 7 and 10 were the most recent versions.  
should compare favorably with Lockheed r e s u l t s .  

t h a t  t h e  tape for 9 i s  not the most recent and it i s  suspected t h a t  

t h i s  i s  l ikewise t h e  case f o r  tape 8. Hence one can not expect t o  

dupl icate  Lockheed's r e s u l t s  now from these tapes .  

6 contains an e n t i r e l y  d i f fe ren t  s e t  of times than those used by 

Lockheed, indicat ing t h a t  a d i f fe ren t  tape was used. 

It i s  apparent 

The tape for 

The e f f e c t  of these tape differences on the  f i n a l  cor re la t ions  

i s  d i f f i c u l t  t o  determine. I t  i s  apparent, however, t h a t  noisy data, 

p a r t i c u l a r l y  non-monotonic wavelength data,  causes ser ious problems 

i n  the  in te rpola t ing  routine which i n  turn  r e s u l t s  i n  bad points ,  

which could s i g n i f i c a n t l y  e f f e c t  the  cor re la t ions .  

F. Summary of Processing Results 
* 

Due t o  the f a c t  t h a t  we i n i t i a t e d  the request l a t e  i n  the  

contract  period (Sept.  1965), only s i x  d i g i t a l  tapes  were able  t o  be 

saved f o r  us by Lockheed ( tapes  #4,6,7,8,9,10). 

See footnote preceding page. * 
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Tape 4 
452, and 453. 
samples could 

w a s  run without ser ious problem except f o r  samples 451, 
For some undetermined reason t h e  times f o r  these 

not  be found on t h e  tape.  

TAPE 6 
The i n p u t  times t h a t  dupl icate  the Lockheed run of tape 6 were 

not t h e  same as  those present  on the  tape.  The times used by Lockheed 

were i n  t h e  neighborhood of "15 hours, 14 minutes", while t h e  a c t u a l  

times on tape 6 (decoded from tape dump) were around "0 hours, 24 min- 

u tes . "  

d i f f e ren t  dubbed times. In studying the  Lockheed repor t  on the  com- 

puter  program, a set of input  data  w a s  found i n  a sample ca lcu la t ion  

which corresponded t o  t h e  times present  on tape 6.  
used t o  successfully run sample 601-614 using tape 6 .  

This ind ica tes  t h a t  tape 6 has been d i g i t i z e d  twice with 

This data was 

TAPE 7 
Tape 7 w a s  run with two d i f f e r e n t  sets of data.  The f i r s t  

s e t ,  which duplicated the  run made a t  Lockheed, w a s  run s w c e s s f u l l y  

f o r  a l l  samples. 

times t o  give a maximum time in t e rva l .  

t h e  blackbody time in t e rva l s  produced bad data .  

t h i s  w a s  caused by erroneous data  on tape 7. 
blackbody ( i . e .  , using 3 blackbodies ins tead  of 4)  remedied t h e  problem. 

This second run of tape 7 a l s o  prompted the  de tec t ion  of t he  program 

e r r o r  of f a i l i n g  t o  i n i t i a l i z e  I1 and I2 f o r  each sample ( see  sample 

708). The shortness of sample 708 caused a l l  successive samples t o  

be t runcated (I1 = 6, I2 = 28). 

The second s e t  of data  included s t a r t  and s top 

A problem arose when one of 

It i s  bel ieved t h a t  

The el iminat ion of t h i s  

TAPE 8 
There were no problems encountered i n  running the last, half of 

tape 8, samples 815-822. The f i r s t  p a r t  of tape 8 (sampies 801-814) 
r e su l t ed  i n  a non-monotonic blackbody wavelength a r ray ,  which caused 

t rouble  i n  the in te rpola t ion  rout ine f o r  determining average blackbody 

radiance. The trouble  was cured with the  appropriate  changes t o  the  
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in te rpola t ion  rout ine  ( see section E~ 5)  
TAPE 9 
The f i r s t  p a r t  of tape 9 (samples 901-913) was rgn without 

d i f f i c u l t i e s  

same problems t n a t  occurred with tape 8 were encountered. 

changes i n  the  in t e rpo la t ion  routine eliminated t h i s  problem. 

I n  running the second p a r t  (samples 914-934) t h e  

The same 

TAPE 10 
Tape 10 ran without d i f f i c u l t y .  

TAPE 11 (1966-su Data) 
I n  order t o  run tape 11 successful ly  the  mecahnism fo r  varying 

t h e  sampling r a t e  was needed. Also  a l i b r a r y  f o r  low wavelength 

samples was required a s  wel l  as  some minro changes t o  the  p l o t  rout ine 

t o  p l o t  lower wavelength values. 

G .  Bad Data Generated by Interpolat ion Routines 

An i n t e r e s t i n g  phenomenon w a s  observed i n  the  ousput from 

t ape  8, which gave ind ica t ion  t h a t  the  rout ine f o r  four-point 

Lagrangian in te rpola t ion  ( INTERP) was not giving co r rec t  values .  

A f’urther inves t iga t ion  of t h i s  confirmed it t o  be  t r u e  t h a t  under 

c e r t a i n  conditions the  in te rpola t ing  d id  not give an accurate  value.  

I n  Fig.  1 the  poin ts  from the  a r r ay  of wavelengths and the  

in te rpola ted  wavelength values a r e  p l o t t e d  on t h e  hor izonta l  axes and 

t h e  corresponding radiance on the  v e r t i c a l  exes. These poin ts  

occurred i n  the  second b lackboq i n t e r v a l  for tape 8 ( s ta r t  time 

1Oh 7m 49.0s and s top time 1Oh 8 m  0.5s).  

In te rpola ted  points  a re  denoted by X, given poin ts  a r e  dots .  

The numbered poin ts  (do t s )  designate the t i m e  sequence i n  which the  - 

poin ts  occurred. Note t h a t  the wavelength does not increase mono- 

ton ica l ly  with time, e.g., the wavelength a t  point  12 i s  smaller than 
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. 
a t  point  11. 

t h e  wavelength axes a t  each in te rpola ted  point .  For example, t h e  

radiance value f o r  8.8 microns w a s  obtained from an in te rpola t ion  

polynomial defined by poin ts  8,9,10 and 11. 

The poin ts  used fo r  in t e rpo la t ion  a r e  indicated along 

The in te rpola ted  radiance value f o r  8.9 microns i s  around 1.1, 

whereas t h e  four poin ts  used fo r  in te rpola t ion  (po in t s  9, 10, 11 and 

12)  were a l l  around 0.245. Here t h e  in t e rpo la t ing  polynomial based 

on these four  poin ts  gives a n  inco r rec t  radiance value f o r  8.9 microns. 

A c lose look a t  the  four  points i n  question suggests t h a t  a polynomial 

through those poin ts  would have a very sharp peak between poin ts  11 

and 12, due t o  the  s teep slope between poin ts  10 and 12. A v e r i f -  

i c a t i o n  of t h i s  i s  shown i n  R g .  2, where some add i t iona l  po in ts  a r e  

given between 11 and 12 ( X  denotes an in te rpola ted  po in t )  and t h e  

appareht in te rpola t ion  polynomial i s  given by t h e  dot ted  l ineb 

Tnis i s  a prime example of how one bad (noisy)  point ,  i n  t h i s  case 

point  12, can produce a s ign i f icant  e r ro r .  

It i s  apparent i n  t h e  case of tape 8 t h a t  t h i s  problem would 

not have occurred i f  t h e  tab le  of wavelengths were monotonically 

increasing and not so  noisy. 

ce r t a in ly  co r rec t  occurrence of  bad poin ts  from in te rpola t ion .  

The elimination of noisy data would 

An a l t e r n a t i v e  t o  t h i s  would be t o  replace the  in t e rpo la t ion  

rout ine with one which uses a more s a t i s f a c t o r y  in t e rpo la t ion  method 

such as a l i n e a r  l e a s t  squares f i t  on four  poin ts .  Nevertheless 

t h e  r e s u l t  would s t i l l  be based on noisy data. 
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APPENDIX A Data Card Formats 

(1) Input Data -----_---- 
All times are specified i n  pa i r s ,  the  f i r s t  being the start 

tLme of an i n t e r v a l  and the second being the stop t i m e .  Each time 

i s  specif ied i n  hours ( H )  

12 or I 3  and seconds with format F5.2, 

Sheet f o r  d e t a i l s .  

with format 12, minutes ( M )  with format 

~ 6 . 2  o r  F7.2. See Format 

Card type A 

NTAPE - l o g i c a l  tape number f o r  the u n i t  from which the d i g i t i z e d  

voltages a r e  read. Note: generally NTAPE = 12 which i s  

u n i t  B7 on the Stanford system. Format (15)  

LIB - l o g i c a l  tape number f o r  the  u n i t  from which t h e  l i b r a r y  

spectra are read. Note: generally LIB = 9 which i s  u n i t  

A5 on the Stanford system (Format 0 5 )  

N - should always be specif ied as one f o r  the  f i r s t  s e t  of data 

t o  allow t h e  l i b r a r y  tape t o  be read i n .  If other  s e t s  of 

data follow,N can be s e t  equal t o  2 t o  bypass the  rereading 

of the l i b r a r y  tape 

KPLOT - f o r  KPLOT = 0 no p lo ts  w i l l  be generated 

f o r  KPLOT = +1 p l o t s  of blackbody radiance and average 

emittance w i l l  be generated 

f o r  KPLOT = -1 plots  of blackbody radiance and emittance 

r a t i o  w i l l  be generated 

f o r  KPLOT = 2 p l o t s  of  blackbody radiance, average emittance 

and emittance r a t i o  w i l l  be generated (Format (15 )  

NDEBUG - if NDEBUG>O intermediate data w i l l  be w r i t t e n  out f o r  de- 

bugging purposes Format (15)  

NSPEC - i f  NSPEC>O program logic  f o r  processing low wavelength data 

w i l l  be  used. Format (15)  
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WAVLOW - lowest wavelength a t  which the  instrument w i l l  operate.  

Format (F10.4) 

WAVHIG - highest wavelength a t  which t h e  instrument w i l l  operate .  

Format (F10.4) 

Card type B 

VMAXWL - wavelength voltage l e v e l  corresponding t o  the  f i r s t  t - h e  

in t e rva l  on the  card. Format (F6.2) 

VMINWL - wavelength voltage l e v e l  corresponding t o  t h e  second time 

in t e rva l  on t h e  card.  Format (F6,2) 

ITECS - temperature number should always be spec i f i ed  as one. 

Format (14)  

NIBB - number of black bodies t o  be averaged - note :  1 - < N l B B  - < 4 
Format (14)  

NISSP - number of sample spectra  t o  be processed, Format (14) 

Card type C 

I N D I C ( 1 )  and ( 2 )  - o c t a l  ind ica t ives  used t o  i d e n t l f y  t h e  input  

tape containing d i g i t i z e d  vol tages  - these 

ind ica t ives  must match those on the  f i rs t  record 

of t h e  tape.  Format, (012) 

I N D I C  (3 )  and (4) - o c t a l  ind ica t ives  used t o  designate the  p o s r t i o n  

of  t he  s inc  b i t  and the  number of-channels of 

data on the  d i g i t a l  voltage tape - these values 

are general ly  o c t a l  1 and o c t a l  2, speciffed i n  

an order determined by the  pos i t i on  of t he  s ine 

b i t  i n  the  f i rs t  word of the  da ta .  

NCRDE - number of cards required t o  specify the  ca l ib ra t ion  t a b l e .  

Format (16) 
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Card Type D 

DT3BB - length of the t i m e  in te rva l  i n  seconds divided by the 

number of points  t o  be sampled i n  the i n t e r v a l  (if t h i s  

var iab le  i s  l e f t  blank the program computes IYTBB = time 

i n t e r v a l  ( seconds) /51 Format (F4.2) 

Card Type E 

VMAXIR - radiance voltage leve l  corresponding t o  the f i r s t  t i m e  i n t e r -  

v a l  on the  card. Format ( ~ 6 . 2 )  

VMEVIR - radiance voltage leve l  corresponding t o  t h e  second time 

i n t e r v a l  on the  card. Format (F6.2) 

Card Type F 

This card contains alpha numeric information f o r  ident i fying 

t h e  input data, eg. tape number, s i te  run date, e t c .  

Format ( 1 2 ~ 6 )  
i n  columns 1-6. 

note:  t h e  s i t e  code i s  generally spec i f ied  

Card Type G 

DISSP - length of time in te rva l  i n  seconds divided by the number of 

pc in ts  t o  be sampled i n  the i n t e r v a l  ( i f  l e f t  blank t h e  

program computes DISSP = time i n t e r v a l  (seconds)/51. 

Format (F3 1) 

Sample Code s i x  l e t t e r  code designating t h e  sample 

Sample Number - four  d i g i t  number ident i fy ing  a sample - f i rs t  two 

d i g i t s  a r e  often the tape number. 

S i t e  Code - s i x  l e t t e r  code designating the  s i t e .  

Sample Description - any descr ipt ive information about the sample 

Card Type H 
ARAY - c a l i b r a t i o n  t a b l e  voltage values f o r  wavelength c a l i b r a t i o n  

Format ( ~ 6 . 2 )  

BRAY - c a l i b r a t i o n  t a b l e  corresponding wavelength values .  

Format ( ~ 6 . 2 )  

- 23 - 



CRAY - ca l ibra t ion  table voltage values for radiance c a l i b r a t i o n .  

Format (~6.2) 

DRAY - ca l ibra t ion  t a b l e  corresponding for radiance c a l i b r a t i o n  

Format (F6.2) 

Deck Set-uQ 

Data cards a r e  read by the  program i n  t h e  following order :  

Sequence 

1 
2 
3 
4 

5 
6 
7 a 

E 
F 
G 
H 

22E Number of Cards 

A 1 
B -  I 
C 1 
D 1 Pf NIBB=1 

2 i f  NIBB=2 

4 i f  NIBB=4 
1 

NISSI? 
NC RDS 

3 if KIBB=~ 

i 
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A P P E N D M  B Error Messages 

(1) Search Errors -------------- 
An e r r o r  t h a t  occurs during t h e  tape searching rout ine w i l l  

terminate the  execution o f  the program with a message ind ica t ing  

where t h e  error occurred and a var iab le  I E R R  whose value w i l l  

ind ica te  the  cause of t he  error .  The following values of I E R R  may 

GCCUT Z 

I E R R  = 0 no cause fo r  e r r o r  i s  given 

I E R R  = 1 tncor rec t  ind ica t ive  spec i f ied  
- usual ly  means t h a t  t h e  wrong tape w a s  used 

I E R R  = 2 unable t o  f i n d  start  time i n  the  first f i l e  
- usual ly  means t h a t  t he  s t a r t  time w a s  spec i f ied  

incor rec t ly  

IERR = 3 no sync b i t  i n  frame 
- Ohis i s  usua l ly  corrected by interchanging t h e  

t h i r d  and four th  ind ica t ives  

I E R R  = 4 unable t o  f i n d  s top time i n  the  f i r s t  f i l e  
- usual ly  means t h a t  t h e  s top time was inco r rec t ly  

specif ied 

The following messages may occur: 

SEARCH ERROR I N  F I N D I N G  WAVELENGTH CALIBRATE T I M E S  

SEARCH ERROR I N  F I N D I N G  SAMPLE E M I S S I O N  SPECTRA CALIBRATE TIMES 

SEARCH ERROR I N  F I N D I N G  BLACKBODY TIME 

SEARCH ERROR I N  F I N D I N G  D R I F T  CORRECTION T I M E S  

SEARCH ERROR I N  F I N D I N G  SPECTRUM TIME 

(2)  In te rpola t ion  Errors .................... 
An- e r r o r  occurring i n  t he  in te rpola t ion  rout ine  w i l l  a l s o  

cause the  termination of program execution. A message i s  wr i t t en  

out and a value f o r  IERROR is given ind ica t ing  the  nature of t he  

e r r o r .  The following values of IERROR may occur: 

IERROR = 1 no cause f o r  e r r o r  i s  given 

IERROR = 2,3 value t o  be in te rpola ted  i s  out  of t he  range of 
t he  in te rpola t ion  t a b l e  
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The following messages may occur: 

BB INTERP ERROR FOR A - B 

BB INTERP ERROR FOR C - D 

BB INTERP ERROR FOR LAMA-BASEL ARRAY 
INTERP DRIFT ERROR 

SPECTRUM A - B INTERP ERROR 

SPECTRUM C - D INTERP ERROR 

SPECTRUM INTERP ERROR FOR LAMB-BASEL ARRAY 

Along with some of the. above messages, intermediate data 

will be written out for debugging purposes 
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PART I11 

VOLTAGE DRIFT CORRECTION PIiOCEOURE 

A .  Analysis of Voltage Dr i f t  Problem 

The de ta i l ed  study of the Lockheed d i g i t a l  tapes  showed a 

c l e a r l y  defined tape voltage drift which was sequent ia l  with t i m e .  

Lockheed had generated the  d i g i t a l  t apes  from our o r i g i n a l  analog 

records during the  course of the o r i g i n a l  NASA(ARC) - LMSC contract  

(NAS2-2529). After  the conclusion of t h a t  contract ,  DISC sent  t he  

remaining 6 of t he  10 tapes  t o  Stanford f o r  fu r the r  ana lys i s  by the  

Remote Sensing Laboratories.  

This ana lys i s  of t h e  data indicated t h a t  t he  power supply i n  

our Ampex SP3OO tape recorder was apparently out  of adjustment f o r  a 

3-month per iod during t h e  l a t t e r  p a r t  of 1965. 
was during our main data recording per iod.  

d r i f t  on t h e  voltage control led o s c i l l a t o r  (VCO) , e f fec t ive ly  changing 

a l l  the  vol tages  recorded on each of t he  7 channels. 

were cumulative from approximately August u n t i l  the  end of t h e  f i e l d  

work i n  l a t e  October 1965. 
1% out of ca l ib ra t ion .  

d r i f t  was t h a t  it had a marked da i ly - r i s e  character ,  bu t  the instrument 

would r eve r t  t o  t he  previous l eve l  of d r i f t  upon switching off and 

cooling e The dr i f t  followed a varying pa t t e rn  during August, bu t  

from September 22 t o  October 31, it approximated a negative 0.2 v o l t s  

d r i f t  per  month on the  recordings. 

dr i f t  w a s  pos i t i ve  and of 0.10 v o l t s  per  hour. 

during any cooling over 30 minutes. 

back t o  i t s  o r i g i n a l  d r i f t  l eve l  of t h a t  p a r t i c u l a r  morning. 

Unfortunately t h i s  

This a s se r t ed  i t s e l f  a s  

The changes 

A t  t h i s  time the  d r i f t  was approximately 

One most f r u s t r a t i n g  cha rac t e r i s t i c  of t h i s  

Superimposed on t h i s ,  t he  d a i l y  _- 
This however disappeared 

The instrument would then r eve r t  
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The following points  became s i g n i f i c a n t  i n  discussion of the  

correct ion method: 

A l l  spectra taken with a gra t ing  instrument require  an 

order-sorting, o p t i c a l  f i l t e r  be placed i n  the  o p t i c a l  

t r a i n  t o  avoid the superimposition of second- and t h i r d -  

order spectra on top of the f i r s t - o r d e r  spectrum, Our 

#4 o p t i c a l  f i l t e r  has, a s  i t s  c h a r a c t e r i s t i c  shape, a 

''cut-on'' approximately a t  8.2 microns, "half  -power point" 

a t  8.5 microns and "long-pass" out  t o  beyond 12 microns 

(see  Fig. 1). 
higher transmission a t  exactly 10,O microns, 

f i l t e r  c h a r a c t e r i s t i c  and i s  therefore  impressed on a l l  

radiance data obtained through t h i s  f i l t e r .  

Inspection of a l l  the  spectra produced on the X-Y 

oscilloscope (photographed a s  Polaroid p r i n t s  concurrently 

with t h e  tape recordings) showed that  t h i s  peak maintained 

i t s  10.0 micron pos i t ion  and p a t t e r n  regardless of the  

t i m e  of the day o r  year i n  which the  recording w a s  made. 

This i s  t o  be expected, but  i s  t h e  confirmatory evidence 

needed t o  ident i fy  the  malfunction a s  being i n  the tape 

recorder VCO system down-stream from the oscil loscope - 

Signif icant ly  there  i s  a bump of a 

This i s  2 

For each f i e l d  t r i p  it i s  possible  t o  determine 8 d a i l y  

and hourly voltage s h i f t  of t h e  ten-micron bump on t h e  

spec t ra l  radiance data 

The d r i f t  could be corrected e i t h e r  by ad jus t ing  the 

posi t ion of t h i s  peak manually ( a  "data s h i f t " )  o r  by 

recal ibrat ing the  s ta r t  voltage using known "stop" and 

"start" wavelengths f o r  the spectra e Both methods have 

been used. 

A f i r s t  attempt was made t o  cor re la te  the d r i f t  with operating 
, temperatures as  we had spent the  l a t t e r  p a r t  of the f i e l d  t r i p s  i n  
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WAVELENGTH (u) 

Fig.1 Shape of filter used for order-sorting and 
ixpressed on all 1965 field data. 
1O.O)A"bump" of slightly higher transmission. 

Note 
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t he  deser t .  Table I showed quickly t h a t  t h i s  co r re l a t ion  was 

usual ly  negative, t h a t  i s  it was negative with respect  t o  t h e  outs ide 

air  temperature. There was a c lose co r re l a t ion  with lapsed tkne 

o r  the  number of minutes over which the  equipment (mounted i n  the  

cab) had been turned on. 

sense pos i t ive  o r  negative i s  shown i n  Fig.  2, where d r i f t  i s  

p l o t t e d  against  date of operation - of ten  pos i t i ve  and negative 

d r i f t s  a r e  shown (Tape 6 - Day 277) f o r  t he  same day, separated by a 

break (147 m i n s . )  during which the  equipment apparently cooled down. 

A p l o t  of t h e  drift pa t t e rn  i . e .  value and 

A p l o t  of the magnitude of t he  vol tage d r i f t  ( e i t h e r  +ve o r  

-ve) versus lapse t i m e  ( Fig. 3 ) shows an i n t e r e s t i n g  r e l a t ionsh ip .  

Despite t h e  spread of t h e  data a crude value can be d e t e r n n e d  of 

0 .1  v o l t s  dr i f t /hour  at a 4.0 vo l t  l e v e l .  

O.25W drif t /hour ,  t r u l y  a discouraging f a c t  i n  any system< 

This i s  equivalent t o  an 

A s imilar  ana lys i s  of Fig. 2 shows a negative d r i f t .  of - 
0 - 2  volts/month o r  approximately 0,5p/rnonth f o r  t h e  f i e l d  data a f t e r  

tape 3.  

Having now described the  problem, l e t  us explore the methods 

we have used to  cor rec t  the  e f f e c t  i n  the  da ta .  Hardware correct ions 

have been effected a s  follows: 

1. Crystal  cont ro l led  12.5 Kc o s c i l l a t o r  replaced the  hand-set 

12.5 Kc u n i t  previously i n  use.  

the f i r s t  t o  use t h i s  and it gave exce l len t  cont ro l .  

2 .  The Ampex SP300 u n i t  has been repa l red  and re -ca l ibra ted  

andmost of t h e  drift e f f e c t s  have been removed. (Some 

e f f ec t s  a r e  s t i l l  present ,  b u t  appear t o  be SG-4 gerierated 

instead of tape recorder f a u l t s )  

Tape 11 (1966 da ta )  was 
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, 

B. Correct ion Pr ogr awning 

(1) Usage of Fixed S t a r t  & Stop Wavelength 

From a study of t h e  p l o t s  of radiance versus wavelength it w a s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

noted t h a t  t h e  order-sorting (opt ica l )  f i l t e r  had maximum peak a t  

10.0 microns. 

t h i s  peak appears at various (but sequent ia l ly  and d a i l y  increasing 

values r i s i n g  from 4.8 t o  11.3 microns between August and November 

1965. (See previous f igure)  

Due t o  the  VCO d r i f t  superimposed on a l l  t h e  1965 data  

To correct t h i s  d r i f t  we f i r s t  observe t h a t  t h e  gra t ing  i n  the  

spectrometer starts at a f ixed wavelength and s tops at a f ixed wave- 

length f o r  every spectrum. Thus the  a c t u a l  wavelength i s  known f o r  

the  minimum voltage f o r  a minimum wavelength and m a x i m u m  voltage f o r  

a maximum wavelength. 

radiance channels d r i f t  by the  same amount, and t h a t  l i t t l e  d r i f t  

occurs during one spectrum. 

We a lso  assume t h a t  both the  wavelength and 

In  consequence of the above observations we consider the  

problem as follows: 

Let A represent t r u e  wavelengths 

Let A' represent measured wavelengths also-K----fi- 
hl - - -  A , - -  - - -- 

I 

Let h2 be the  highest  wavelength, and 

A1 be the  lowest wavelength, 

then the  t r u e  wavelengths a r e  r e l a t e d  t o  the  measured wavelengths by , 

or 

(he - A;) + 7.52 

- 38 



where h i  and h' a r e  the  measured wavelengths a t  t h e  top  and bottom of 

t h e  spectrum. 
2 

A '  i s  t h e  measured value of the  wavelength a t  t h e  

time desired.  

For radiayce chatye1 corrections we assumed t h a t  t h e  voltage 

d r i f t  i s  the  same f o r  t h e  radiance channel as f o r  t h e  wavelength 

channel. 

the  spectrum 

Now the  radiance error i s  known a t  t h e  top  and bottom of 

v 

E; e Ah2 &E2 = h2 
0 -  - 

TI 

where V 

wavelength or radiance a t  posi t ions 1 or 2 .  

e t c .  a r e  t h e  voltages on t h e  magnetic tape corresponding t o  11 

Thus t r u e  radiance i s  computed by 

The procedure f o r  correcting the  d r i f t  i s  as follows: 

The start  and stop t imes of t h e  desired spectrums a r e  determined 

from t h e  paper analog readoht s c r o l l s ;  or mor6 recent ly  from 

ihe d i g i t a l  tape "dump" i t s e l f .  

These s tar t  and stop times, input t o  t h e  program, must be t h e  

times of maximum and minimum voltage.  This d i f f e r s  from t h a t  

previously, ic t h a t  before i f  a shortened spectrum w a s  desired,  

a l a t e r  start time was specif ied and t h e  voltage read of f  t h e  

tape determined the  s t a r t i n g  wavelength. Now, i f  a shortened 

spectrum i s  desired,  a spec ia l  cont ro l  var iable  - I I N  - i s  input 

t o  t h e  program. 

ith wavelength where the spectrum i s  t o  s ta r t .  

This integer  var iable  has t h e  value of t h e  

I n  example, 

if I I N  0 or 1 t h e  spectrum starts at 7.8, 
i f  I I N  = 2 t h e  spectrum s tar ts  at 7.9, 

= 
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if IIN = 3 t h e  spectrum s tar ts  a t  8.0, and so on. 

(2)  Wavelength S h i f t  Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a.  Generation of Shi f ted  Card Output 

A short  program (SHIFT) w a s  w r i t t e n  t o  accept t h e  card output 

from t h e  Main Program (NSCP) containing data f o r  average blackbody 

radiance, average emittance o r  emittance r a t i o .  The program s h i f t s  

t h i s  data  by a specified amount (microns) and generates a new s e t  of 

cards containing t h e  s h i f t e d  data. 

The input cards i n  t h e  s h i f t  program a r e  i n  t h e  same order as 

they a r e  generated from t h e  main program with the  exception of an 

addi t ional  s h i f t  card placed before each s e t  of nine cards specifying 

t h e  amount of s h i f t .  The amount of s h i f t  i s  spec i f ied  by a f l o a t i n g  

point  number, whose absolute value i s  less  than that  placed i n  columns 

1 through 10 of the  s h i f t  card.  

Recal l  t h a t  there  i s  a run i d e n t i f i c a t i o n  card generated by 

t h e  main program f o r  each run. 

i n  t h e  input t o  the  s h i f t  program. 

d i f f e r e n t  runs were t o  be processed i n  one run of t h e  s h i f t  program. 

I n  t h i s  case a c a r d  containing a f l o a t i n g  point  ten ( i . e .  10.0) any- 

where i n  columns one through t e n  must be placed between t h e  data from 

each run ( i . e .  j u s t  before t h e  run i d e n t i f i c a t i o n  card) .  

following sequence of cards i s  t y p i c a l  input t o  t h e  s h i f t  program: 

This card must be t h e  f i r s t  card 

Suppose t h a t  data from two 

Hence t h e  

1. 
2. 
3. 
4. Eight data  cards ( i n  sequence) 
5. Shi f t  card f o r  2nd s e t  of da ta  
6. 
7 .  Eight data cards 
8. 
9. 

10. 
11. 
1 2 .  E i g h t  data cards 

R u n  i d e n t i f i c a t i o n  card - Run #A 
Shif t  card f o r  1st s e t  of data - (FORMAT (F10.5)) 
Data i d e n t i f i c a t i o n  card - Data S e t  #A1 

Data i d e n t i f i c a t i o n  card - Data S e t  #A2 

Floating point  10.0 i n  columns 1-10 
Run i d e n t i f i c a t i o n  card - R u n  #B 
Shi f t  card f o r  1st s e t  of da ta  i n  Run #B 
Data i d e n t i f i c a t i o n  card - Data S e t  #Bl  

e tc .  

The output consisted of a s e t  of punched cards containing t h e  

s h i f t e d  data, 53 points  per s e t  i n  t h e  same format as t h e  input .  
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c 

Printed output i s  a l s o  given, 

It should be noted t h a t t h e  integer  values f o r  I1 and I 2  

punched i n  the  data ident i f ica t ion  card i n  columns 13-15 and 16-18 a r e  

used during the  s h i f t i n g  operation. Only those points  between I1 and 

I 2  ( inclusive)  a r e  sh i f ted  by the  specif ied amourrts a l l  other values 

a r e  considered as zero, 

b o  Main Program Usage with New Entry Points 

A new version of t h e  main program, NSCP, has been developed 

with f a c i l i t y  for  accepting data from cards f o r  average blackbody 

radiance and average emittance o r  emittance r a t i o ,  The card format 

required i s  the  same as t h a t  generated by t h e  data SHIFT program. 

There a r e  two possible re-entry poin ts  in t h e  main program. 

A t  entry point A ,  a s e t  of average blackbody radiance data (9 cards) 

and s e t s  of average emittance data (one 9-card set f o r  each sample 

spectra)  a r e  read i n .  

sample spectra  from t h i s  data, cor re la t ion  coef f ic ien ts  a r e  computed 

and p l o t  and card output generated. 

emittance r a t i o s  (9 cards) a r e  read i n  f o r  each sample spectra .  

Correlation coef f ic ien ts  a r e  then computed from t h i s  data and p lo t  and 

card output a r e  generated. 

Emittance r a t i o s  a r e  then computed f o r  each 

A t  entry point  B, a s e t  of 

The input data format f o r  entry A and entry B i s  i d e n t i c a l  t o  

t h e  output data format f o r  the SHIFT program with t h e  exception of one 

addi t iona l  card. The f i rs t  data card i s  a run i d e n t i f i c a t i o n  card - 
t h s  may be the  same i d e n t i f i c a t i o n  card generated by t h e  SHIFT program. 

The second card contains four control  var iables .  They a r e  specif ied 

with format (415) i n  t h e  following order: 

NISSP - number of sample spectra  

JUMP - for  JUMP < 0 Entry A i s  executed ( i - e -  average 

- for  JUMP > 0 Entry B i s  executed ( i . e .  emittance 

emittance data i s  read) 

r a t i o s  a r e  read) 

IDTST - tape number ( for  i d e n t i f i c a t i o n )  
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. 
KPLOT - f o r  KPLOT > 0 no p l o t s  a r e  generated 

f o r  KPLOT = 0 a l l  p l o t s  a r e  generated 

f o r  KPLOT < 0 only emittance r a t i o  p l o t s  a r e  
g ener a t  ed 

The remainder of the data depends on t h e  en t ry  point  

specif ied.  

emittances a r e  read i n  and if entry B i s  specif ied,  emittance r a t i o s  

are read i n .  The format of t h i s  data  i s  i d e n t i c a l  t o  t h e  format of 

t h e  card output from SHIFT, i . e .  s e t s  of 9 cards,  t h e  f i r s t  card 

being a data ident i f ica t ion  card and t h e  las t  eight  cards containing 

53 values,  with seven per card (FOWT (IX, 7 F 10.5))  except f o r  t h e  

l as t  card which contains 4 values (FORMAT (U, 4F 10,5)). 

If entry point  A i s  specified,blackbody data and average 

The following sequence of cards would c o n s t i t u t e  a t y p i c a l  

s e t  of input data: 

1. R u n  i d e n t i f i c a t i o n  card - can be t h e  same as t h e  one 
generated by SHIFT. 

2 .  Re-entry control  card w i t h  NISSP, JUMP, IDTST and KPLOT 
spec i f ied ,  

3. Blackbody Radiance data c d e n t i f i c a t i o n  card. 

4. Eight cards w i t h  average blackbody radiance data (53 
values) 

5. Data i d e n t i f i c a t i o n  card - average emittance data f o r  
f i r s t  sample spectra.  

6. Average emittance data f o r  t h e  f i r s t  sample spec t ra  - 
(53 values) a 

7. Same as 5 f o r  the  second spectra .  

8. Same as 6 f o r  t h e  second spectra .  

9. Run i d e n t i f i c a t i o n  card - f o r  second run. 

For t h i s  case NISSP = 2 and JUMP = 0. 

10. Re-entry control  card f o r  second run. 
For t h i s  case NISSP = 2 and JUMP = 1. 

11. Data I d e n t i f i c a t i o n  Card - emittance r a t i o  data f o r  
t h e  f i r s t  sample spectra .  

12 .  Ehittance r a t i o s  f o r  the  f i r s t  sample spectra  (53 values) 

13. Same as 11 f o r  second sample spec t ra ,  

14 .  Sane as 1 2  f o r  second sample spectra .  
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C. TAPE DUMP PROGRAM 

The TRIFID data tapes are  writhen i n  a closely packed binary form. 

A s  indicated previously, 3 words of wavelength and radiance are packed 

i n t o  one computer word. The T R I F D  tapes  axe a l s o  blocked, t h a t  Is 255 
computer words axe wr i t ten  onto one physical  record of t h e  tape.  

inter-record gap occurs on the  tape  between each of these  physical  

records. The las t  word of each physical  record contains a range-coded 

time (Pacif ic  Missi le  Range Time). 

Lengths and radiances t o  a unique time, t h a t  each s e t  of one wavelength 

observation and one r a d i m c e  observation occurs a t  a time computed by 

a l i n e a r  in te rpola t ion  between t h e  two range coded times of two suc- 

cessive reccrds.  Thus 254 computer words of packed wavelength and 

radiance, plus  one time, occur per  record. 

words of wavelength axid radiance or 381 s e t s  of observations per record. 

These observations occur continuously and succesively down t h e  tape.  

I n  order t o  f i n d  a p a r t i c u l a r  spectrum, two range coded times a r e  re- 

quired - t h e  s tar t  of  t h e  spectrum and t h e  s top of t h e  spectrum. 

The spectrum i s  found by searehing t h e  tape  u n t i l  a range coded 

An 

It i s  assumed, t o  r e l a t e  t h e  wave- 

This gives 254 x 3 or 762 

time i n  the  l a s t  word of  a record exceeds a s tar t  time. If so t h e  

record i s  saved and the  s t a r t  wavelength and radiance a r e  bound by 

in te rpola t ion  between t h i s  range coded time and the  range coded time 

of t h e  previous record. 

D i f f i c u l t y  was encounted i n  determining t h e  start  and s top  times 

of spectra.  The computer program uses the  information d i r e c t l y  from 

t h e  TRIFID tapes which were d ig i t ized  from the  o r i g i n a l  f i e l d  arlalog 

tapes.  This time information, because of noise ,  may not necessar i ly  

agree with t h a t  on analog scrolls which were used previously t o  manually 

determine range-coded t i m e s .  

hard t o  read with precis ion since t h e  observer had t o  perform in te r -  

p r e t i v e  measurements which were subject t o  e r ror  i n  order t o  determine 

t h e  s t a r t - s t o p  times. 

dump t h e  bas is  TRIFID tapes with range coded times i n  a format t h a t  

could be e a s i l y  read. 

I n  addition t h e  analog scrolls were 

It was therefore  decided t o  w r i t e  a program t o  
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A program was w r i t t e n  which used t h e  bas ic  LMSC search package. 

The program reads a record,  completes range coded times f o r  each 

observation s e t  by in te rpola t ing  between t h e  times i n  two successive 

record,  and p r i n t s  out t h e  time, wavelength and radiance f o r  each 

observation. Thus one can scan d m  t h e  l i s t i n g  u n t i l  a minimum i n  

wavelength occurs, conclude t h a t  t h i s  i s  a start of a s p e c t r a l  i n t e r v a l ,  

and copy down t h e  range coded time of t h e  minimum wavelength. 

There i s  a f a c i l i t y  i n  t h e  tape  dump program f o r  l i s t i n g  only a 

desired s e t  o f  records. For example, i n s t r u c t i o n  can be given t o  

s t a t  l i s t i n g  a t  t h e  23rd record and s top a t  t h e  37th record. 

The format o f  t h e  input cards t o  t h e  program a r e  as follows: 

(2F10.5) REC, START 

REC i s  t h e  t o t a l  number of records t o  be read and l i s t e d  

REC i s  placed i n  f l o a t i n g  point  form on t h e  f i r s t  10 columns 

of the card e.g., 37.0. If REC i s  zero or blanks,  t h e  program 

assumes a value of 1000.0 

START i s  the  number of t h e  record a t  which l i s t i n g  i s  t o  begin 

START i s  placed i n  f l o a t i n g  point  form i n  t h e  second 10 columns 

of the card.e.g. ,  23.0. I f  START i s  zero or blanks, l i s t i n g  

s t a t s  wi th  t h e  f i r s t  record 

The TRIFID tape i s  mounted on l o g i c a l  u n i t  12.  This corresponds 

t o  physical  u n i t  B7 on t h e  Stanford 7090. 
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